Introduction
The long patient survival that can be achieved after treatment for Hodgkin's disease has permitted a careful evaluation of long-term complications and excess mortality. Since 1960, nearly 2500 patients have received definitive treatment for Hodgkin's disease at Stanford. They have been followed regularly after the completion of treatment in order to detect recurrent Hodgkin's disease and to identify complications of therapy. This paper summarizes the important events that may lead to compromised survival in these patients.
Patients and methods
Between 1960 and 1995, 2498 patients were treated for Hodgkin's disease at Stanford. Treatments included radiation therapy, chemotherapy with a variety of drug combinations (e.g., MOPP, PAVe, ABVD, VBM, Stanford V), and combined modality therapy. Staging during the period 1968-1990 often included laparotomy and splenectomy.
Patients were followed at regular intervals after the completion of therapy with surveillance studies that included routine radiographs, blood counts, serum chemistries, and physical examination. The followup interval was every two to four months during the first three years, every six months three to five years after completion of treatment, and annually thereafter. Patient survival was calculated using the actuarial technique of Kaplan and Meier [1J. Relative risks were calculated compared to the risk for age-and gender-matched populations.
Absolute excess risk was calculatd as follows:
observed events -expected events person years of follow-up x 10000
This expresses the absolute (excess) risk per 10000 patient years. The absolute risk divided by 10 represents the percentage likelihood of an event per decade of follow-up for an individual patient.
Results
Figure 1 displays the actuarial risk of death from Hodgkin's disease or other causes for the cohort of patients treated between 1960 and 1995. Death from Hodgkin's disease is rare after more than 10 years of follow-up. Beyond 15 years, the risk of death from other causes begins to exceed the risk of death from Hodgkin's disease. Table 1 lists the causes of deaths in 754 patients. Among causes other than Hodgkin's disease, two-thirds are from second cancers (21%) or cardiovascular disease
Second cancers
The major categories of second cancers after treatment for Hodgkin's disease include leukemia, non-Hodgkin's lymphoma, and solid tumors. development of these three types of malignancies in the Stanford cohort [2] . The actuarial risk for development of leukemia after a diagnosis of Hodgkin's disease is treatment dependent. The risk is exceedingly small after treatment with radiation therapy alone (< 1%). The risk after treatment with combined modality therapy or salvage therapy (2%-A%) is largely reflective of patients who were treated with chemotherapy programs that included alkylating agents and procarbazine (e.g., MOPP and MOPP-like combinations). Chemotherapy programs that lack these agents, such as ABVD, have a much lower risk for induction of leukemia. This difference is most evident in the series from Milan, where the actuarial risk for developing leukemia after combined modality therapy with MOPP was 9.5% versus 0.7% for ABVD (Santoro, Oxford Textbook of Cancer).
In some series, an additional risk factor for development of secondary leukemia is splenectomy [3, 4] ; however, others dispute this observation [5] [6] [7] . In any case, both splenectomy and the use of MOPP-like chemotherapy in Hodgkin's disease management are decreasing, and the risk for development of leukemia as a complication of therapy should decline concurrently.
The secondary non-Hodgkin's lymphomas that develop after treatment for Hodgkin's disease are usually B-cell lymphomas, and the most common histologic type is diffuse large cell. Most series report that the risk for developing secondary non-Hodgkin's lymphoma is independent of the type of initial therapy [2, 7, 8] . There are similar risks for primary radiation therapy, combined modality therapy, and chemotherapy alone. This suggests that secondary non-Hodgkin's lymphoma may be related to the underlying immunosuppression that contributed to the initial development of Hodgkin's disease, leaving the host at high risk for developing a non-Hodgkin's lympho? ma later. In addition, patients with Hodgkin's disease who present with the lymphocyte-predominant subtype may actually have a B-cell lymphoma rather than Hodgkin's disease [9] . Patients with lymphocyte-predominant histology are reported to have a higher risk for developing intermediate-or high-grade B-cell lymphoma than patients with other histologic subtypes of Hodgkin's disease [7] .
Secondary solid tumors have a much longer latent period than secondary leukemias or non-Hodgkin's lymphomas. In addition, although the relative risk for developing solid tumors is substantially less than for development of leukemia or non-Hodgkin's lymphomas, solid tumors are more prevalent in the general population and the absolute risk for developing solid tumors is much higher than for either leukemia or non-Hodgkin's lymphoma (Table 2 ) [2] . The types of solid tumors that have been demonstrated to have increased risk among the Stanford cohort include those listed in Table 3 [2] . In addition, when all genitourinary sites are combined, the risk of second cancer in those sites is significantly increased, and a recent analysis has shown that the risk for pancreas cancer also is elevated significantly [10] .
The most common type of second cancer after treatment for Hodgkin's disease is lung cancer. Both radiation therapy and chemotherapy have been implicated in lung cancer induction [11, 12] . Recent series have demonstrated a very strong linkage between smoking and secondary lung cancer in patients treated for Hodgkin's disease [13] . This information is important to share with patients who continue to smoke after treatment for Hodgkin's disease.
Among women, the most important second solid tumor risk is for breast cancer [14] . The latent period is [14] .
Cardiac disease
Radiation-induced cardiac disease can have a variety of manifestations, including acute pericarditis, delayed pericarditis (acute or chronic), pancarditis, coronary artery disease, and functional valvular/conduction defects. In the Stanford series, approximately one-half of cardiac deaths are due to myocardial infarction and one-half due to other cardiac causes [15] , For the entire population of patients treated at Stanford, the relative risk from death from cardiac causes was 3.1, with an absolute (excess) risk of 28.0. As shown in Table 4 , the risk was greater for men than for women and was clearly associated with mediastinal irradiation. It appears, however, that there is a radiation-dose effect on cardiac complications, with few deaths occurring when mediastinal radiation doses were 30 Gy or lower. In addition, patients treated more recently, with efforts to provide more cardiac protection and employ lower daily doses of radiation, are at decreased risk for cardiac mortality. The value of screening studies in detecting cardiac abnormalities in patients treated for Hodgkin's disease is unclear. Currently, at Stanford, we are conducting a large study supported by the National Cancer Institute looking at the efficacy of screening with stress echocardiography and thalium radioisotope exercise scans.
Excess mortality
As noted in Table 1 , a substantial excess risk of mortality in patients treated for Hodgkin's disease may be attributable to second cancers and cardiac diseases. An absolute excess risk of death from all causes (exclusive of Hodgkin's disease) can be calculated as an indicator of iatro- This may be attributable largely to the changes in radiation therapy techniques noted earlier, and perhaps also to the use of careful combined modality therapy in selected patients, such as those with large mediastinal masses. Patients with stage III-IV disease clearly had decreased treatment-related mortality during the first 10 years of their follow-up. There may be an increase in treatment-related mortality between 10 and 15 years of follow-up; however, this may be due, in part, to the much lower risk of death from Hodgkin's disease in the more recently treated cohort (absolute risk in the 10-15-year interval was 106 for patients treated 1962-1980 vs. 0 for patients treated [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] . Longer follow-up of the more recent cohort of patients will be necessary to confirm this observation.
Discussion
It is clear that patients who have been treated for Hodgkin's disease, despite being cured of their malignancy, may develop iatrogenic complications that lead to premature mortality. These risks have been appreciated for more than a decade, and many centers and clinical trial groups have instituted changes in treatment programs in order to minimize these risks. This is an important area of contemporary clinical research in Hodgkin's disease.
Important questions remain regarding long-term effects. Although there are abundant data detailing the long-term risks of radiation therapy, there are few data bearing on the long-term excess risk of death for patients treated with chemotherapy alone. Although many series include several hundred patients treated with radiotherapy alone, with median follow-ups in excess of 10 years, there are no similar data for treatment with chemotherapy alone [3, 6, 11, 16] .
Another important issue relates to the dose effect in radiation therapy. Specifically, is there any safe dose of radiation, especially as it is employed in combined modality therapy programs, such that the risk for secondary solid tumors or cardaic disease will not be increased? This is an imporant issue, since radiation remains the most effective single agent for the treatment of Hodgkin's disease.
Finally, how can we assure long-term follow-up of our patients? In the United States, changes in health care management have decreased the ability of oncologists (both medical and radiation) to continue to follow their patients after the completion of therapy. Current research to identify less morbid treatment programs may be compromised by our inability to follow these patients and assess outcome.
